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Bentall procedure as a lifesaving surgery:
A single center experience
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Abstract. The Bentall procedure is a surgical technique
used in the management of aortic root abnormalities with
ascending aorta and aortic valve issues. The present study
aimed to evaluate the outcomes of 18 patients treated with the
Bentall procedure in a single center. The present study was a
single-center retrospective case series conducted over a period
of 3 years. The patients had either acute ascending dissection
and/or dilated ascending aorta with aortic valve dysfunction.
The Bentall procedure was performed via standard median
sternotomy. St. Jude Medical composite grafts with a valve were
applied in all cases. A total number of 18 patients with either
acute ascending dissection and/or dilated ascending aorta with
aortic valve dysfunction were included in the study. The age of
the participants ranged from 27-60 years. The ratio of males
to females was 16:2 (males, 88.8%). The symptoms developed
3-4 days prior to hospital admission. Chest pain was the most
common presenting symptom (n=10, 55.5%). Hypertension was
the most common risk factor (n=12, 66.6%). In total, 14 cases
underwent emergency surgery (77.7%). The emergency surgery
was performed in 9 patients within 24 h of arrival owing to the
association of aortic root dissection with tamponade. For the
other cases, the surgery was performed within 2 and 7 days
(n=5,27.7% and n=4, 22.2%) respectively. Early post-operative
complications occurred in 5 patients (27.7%). On the whole,
as demonstrated herein, the modifications of the Bentall
procedure have a notable impact on decreasing the overall
mortality rates. Raising the awareness of clinicians and the
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general population as regards aortic dissection may aid in the
early referral of patients to specialized centers and may thus
decrease the overall mortality rate.

Introduction

The Bentall procedure is a surgical technique used in the
management of aortic root abnormalities with ascending aorta
and aortic valve dysfunctions. It was first described by Bentall
and De Bono (1) in 1968 and subsequently also described
by others (2). The technique was typically invented to treat
patients with aortic root aneurysms. It was then modified in
several aspects. Bentall procedures mainly involve the inser-
tion of a mechanical valve conduit to replace the aortic root. It
is regarded as a long-term solution, while it requires long-life
anticoagulation (3,4). Aortic root dilatation with or without
aortic valve dysfunction may cause spontaneous dissection and
rupture of the aorta. The patient is placed in a critical situation
with the need for rapid lifesaving intervention. The application
of the Bentall procedure with its various techniques provides
a positive impact on the result; overall life expectancy has also
markedly increased over the past 30 years (5). All the previous
repairing modalities, such as plication, supracoronary aortic
replacement and aneurysm banding were insufficient to
complete the removal of the diseased aortic tissue. These
methods resulted in increased post-operative complications
and mortality rates (6). In recent years, the Bentall procedure
has become the gold standard modality in the management of
aortic root replacement. It is one of the most curative surgical
procedures in the field of cardiac surgery (7-9). The present
study aimed to evaluate the outcomes of the Bentall procedure
conducted in a single center among a total of 18 patients.

Patients and methods

Study design. The present study was a single-center retro-
spective case series. A total of 18 patients with either acute
ascending dissection and/or dilated ascending aorta with aortic
valve dysfunction were included in the study. Patients were
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enrolled at the Ibn Al-Bitar Specialized Center for Cardiac
Surgery (Baghdad, Iraq) from December, 2017 to January,
2020. Ethical approval was provided by the Iraqi Board of
Medical Specialization with the approval no. 00245/2017.
Written consent was taken from all included patients to
participate in the study.

Patient preparation and analyses. The patients were all
initially examined by a general practitioner and then referred
to a cardiologist. The cardiologist examined the patients and
performed examinations for vital signs, as well as an echo-
cardiography. The results of the echocardiography revealed a
bicuspid aortic valve in 14 cases (77.7%). Pericardial effusion
ranged from mild to tamponade in 12 patients (66%) and all
of the patients had aortic root dissection with severe aortic
incompetence. Due to the need for a coronary artery bypass
graft, all the cases were discussed in a multidisciplinary team
(MDT) meeting with the involvement of cardiac surgeons.
The outcome of the MDT meeting was to refer the cases to
the cardiac surgeons for proper management. The cardiac
surgeons re-examined the patients' results, and any investiga-
tion which had been conducted >6 weeks prior was conducted
again.

Inclusion criteria. The present study included all the patients
with either acute ascending dissection and/or dilated ascending
aorta with aortic valve dysfunction that had undergone the
Bentall procedure at the center between December, 2017 to
January, 2020.

Data collection and analysis. An electronic registry database
was used to register the patients' medical records, including
demographics, medical summary, investigations, surgical indi-
cations, procedure specifications, comorbidities and follow-up
information. The data were encoded and descriptively
analyzed using the Statistical Package for the Social Sciences
(SPSS) version 25.

Surgical technique. The procedures were performed via
standard median sternotomy. A cardiopulmonary bypass was
conducted by cannulating the ascending aorta and combined
with the femoral artery or axillary artery in a direct method,
and venous return via right atrium venous cannulation.
Axillary cannulation was performed for all cases of aortic
dissection and sometimes for certain cases of aneurysms
involving the aortic arch. Otherwise, regular ascending aortic
cannulation was used. Myocardial protection was provided by
simultaneous antegrade and retrograde perfusion using del
Nido blood cardioplegic solution, either with crystalloid or
mixed with blood (Nephron Pharmaceutical Corporation).

Deep hypothermic circulatory arrest (20 c) was used in all
cases that had an aortic dissection. Longitudinal aortotomy
was performed just above the sino tubular junction to inspect
the ascending aorta, aortic root, aortic valve, intimal tear and
the site of dissection. Both the coronary ostia were mobi-
lized and excised with the aortic wall patch to facilitate the
re-implantation of the composite graft, aortic cusp resection,
the resection of the diseased part of the ascending aorta, and
the inspection of the aortic arch condition and aortic valve
sizing.

Table I. Baseline characteristics of the patients.

Variable Mean/frequency
Mean age, years (min-max) 40 (27-60)
Mean body mass index, kg/m? (min-max) 33 (27-35)
Sex, n (%)
Male 16 (88.9)
Female 2 (11.1)
Symptoms upon arrival, n (%)
Severe chest pain 10 (56)
Severe hypotension 6 (33)
Unretrieved 2(11)
Risk factor, n (%)
Hypertension 12 (66.6)
Smoking 8(44.4)
Hyperlipidemia 7 (38.8)
Coronary artery disease 3(16.6)
Elevated renal indices 8(44.4)
Chronic obstructive pulmonary disease 2 (11.1)
Diabetes mellitus 6 (33.3)
Atrial septal defect 1(5.5)
Etiology, n (%)
Atherosclerosis 2 (11.1)
Aortic root dissection 14 (77.7)
Aortic root dilatation 4(22.2)
Bicuspid aortic valve 14 (77.7)
Time of surgery, n (%)
Emergency (within 24-48 h) 14 (77.7)
Elective (1-7 days) 4(22.2)

The St. Jude Medical composite graft with Valsalva (St.
Jude Medical, Inc.) was applied in all the cases. Polyester
sutures (2/0) with pledgets in an interrupted manner were used
for the implantation of the composite on the aortic root. The
coronary ostia anastomosis was performed using a 6\0 proline
suture in a continuous manner. Distal anastomosis of the graft
to the aortic arch was performed following fixation of the
dissection extension with a 4/0 proline suture with a pledget
in an interrupted manner. The graft anastomosis with a 4/0
proline suture was conducted in a continuous manner to the
aortic arch. Biological glue was used to secure the anastomosis
sites and decrease the risk of bleeding.

Results

The age of the participants ranged from 27-60 years, withamean
age of 40 years. The ratio of males to females was 16:2 (males,
88.8%) (Table I). Chest pain was the most common presenting
symptom (n=10, 55.5%); of the 10 patients with chest pain,
9 patients had an aortic dissection, and 1 patient had aortic root
dilatation and coronary artery disease. The symptoms devel-
oped 3-4 days prior to hospital admission. Hypertension was
the most common risk factor (n=12, 66.6%). In total, 14 cases
(77.1%) had bicuspid aortic valve. Elevated renal indices were
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Table II. Data of surgery and outcomes.

Mean/

Variable frequency
Cannulation process

Axillary Cannulation 16 (88.9%)

Femoral Cannulation 2 (11.1%)
Procedure

Median sternotomy, n (%) 18 (100)

Ascending aortic diameter, mm (mean) 48

Cardiopulmonary bypass time, min (mean) 310

Aortic cross-clamp time, min (mean) 220
Extent of resection, n (%)

Hemi arch 4(22.2)

Ascending only 14 (77.8)
Concomitant surgery, n (%)

Coronary artery bypass graft (CABG) 2(11.1)

Atrial septal defect (ASD) closure 1(5.55)
Early post-operation complication, n (%) 5@27.7)

Bleeding and re-exploration 1(5.55)

Stroke 1(5.55)

Atrial fibrillation 2 (11.1)

Acute kidney injury (5.55)

Early mortality (within 30 days) 1(5.55)

noted in 8 patients (44.4%), with which cardiogenic shock was
the cause of six of these. Concomitant heart disease was found
in 3 patients (16.6%). A total of 14 cases underwent emergency
surgery (77.7%). The emergency surgery was performed in
9 patients within 24 h of arrival owing to the association of
aortic root dissection with tamponade. For the other cases, the
surgery was performed within 2 and 7 days (n=5, 27.7% and
n=4, 22.2%) respectively. The aneurysmal size and extension
of aortic dissection were the main indications for axillary
cannulation (16 patients, 88.9%) and the femoral site was used
for cannulation in 2 patients (11.1%) (Table II).

Early post-operative complications occurred in
5 patients (27.7%). Surgical bleeding and re-exploration occurred
in 1 patient (5.55%). Stroke (n=1, 5.55%), atrial fibrillation (n=2,
11.1%) and acute kidney injury (n=1, 5.55%) were also recorded
(Table II). The patient with acute kidney injury was managed
according to the KIDIGO protocol (10) with continuous renal
replacement therapy (CCRT). This was the only patient that
passed away during the study. All the variables including, the
patients' age, gender, risk factors, etiology, operation data and
post-operative data are all summarized in Tables I and II.

Discussion

It is almost six decades since Bentall and De Bono (1)
described a novel surgical technique for the management of
aortic root aneurysm. After a number of years, the technique,
with several additional alternations, had become the gold
standard approach in managing abnormalities of the aortic
valve, ascending aorta and the aortic root. For that reason,
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investigations of the outcomes of the new approaches to the
Bentall procedures have been widely suggested (7). The
present case series is a single center experience that includes
the patients who had an abnormality of ascending dissection
and/or dilated ascending aorta. The results were compared to
those of previous related studies.

In a case series conducted by Spittell et al (11), the majority
of the patients had been affected by the aortic dissection
during their 60-70 years of life. Males were predominant
over females at a 2:1 ratio. Systemic hypertension is regarded
as the most common risk factor for aortic dissection.
Congenitally malformed aortic valve also plays a significant
role in the presentation of aortic dissection. In the study by
Spittell et al (11), a bicuspid aortic valve was reported in
17 patients. One of the rare causes of congestive heart failure
related to aortic dissection is the rupturing of the dissection
and extending into the atria or right ventricle. Therefore,
patients with acute congestive heart failure that have a history
of chest pain should be examined for aortic dissection (11).

Some studies have mentioned the congenital bicuspid
valves as a distinctive risk of early aneurysm formation. In
the study by Hagl et al (7) bicuspid aortic valve was associ-
ated with aneurysm formation in almost 50% of the cases.
Several other factors, such as arteriosclerosis, diabetes and
Marfan syndrome have been reported to be combined with the
aneurysm and dissection of the aorta (7,12). The present study
differed from the study of Spittell ez al (11) regarding the age
of the patients. Hypertension was the most common risk factor
(66.6%) as stated in the previous study. A bicuspid aortic valve
was found in 77.7% of the cases. Approximately 78% of the
patients had an aortic dissection in that study, but none of the
cases were associated with a dissection rupture extending into
the atria and the right ventricle.

The instant onset of chest pain is the typical symptom of
aortic dissection. It has been reported to present in >94%
of patients (13). Some other studies have described lower
extremity ischemia as the frequent manifestation of aortic
dissection (11,14-16). Chest pain is a universal symptom that
can be easily confused with other common illnesses. Aortic
root dissection is an uncommon disorder and ranges from 2.6
to 3.5 per 100,000 individuals/year (17,18). These findings can
cause patient referral delays and the condition of patients may
deteriorate before arrival. Other studies have reported that the
mortality rate increases 1-2% for every hour without any treat-
ment (19). Caution should be practiced regarding the pattern of
chest pain in a patient with acute aortic dissection. All the cases
in our experience had been referred late (2-3 days following
the onset of symptoms). Chest pain was the most presenting
symptom (55.5%) and 90% of patients had aortic root dissection.
This is comparable with the finding of other studies (11,20). The
present study reported acute kidney injury in 1 patient (5.5%)
who was managed with CRRT. In addition, Etz et al (4) reported
renal issues required dialysis in 8 patients (2.2%).

There is a low mortality rate associated with the
Bentall procedure. The early mortality rate in the study by
Gelsomino et al (21) was only 5.5% and Benke et al (22)
reported a mortality rate of 3.4%. Yakut (23) performed aortic
root replacement in 80 patients using a flanged composite
graft. He reported a mortality rate of 8.75%j; the major point
to be mentioned is that none of the cases succumbed due to
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flange-related complications (23). Some independent risk
factors have been reported to be associated with mortality
after the Bentall procedure, including hypertension, diabetes
mellitus, elderly, severe ventricular dysfunction, Marfan
syndrome, dissection, endocarditis, previous cardiac surgery,
coronary artery disease and left ventricle ejection fraction (24).
Despite the association of several mentioned risk factors with
some of the cases in the present study, the mortality rate due
to these risks was insignificant. In the present case series, the
early mortality rate was (5.5%) due to acute kidney injury
complications. The present study reported this percentage
of mortality as all the cases were operated on as emergency
cases. From the beginning of the practice in the present study,
the aortic dissection team was established to take rapid action
for emergency intervention. This helped to decrease the prepa-
ration time and the mortality rate.

Using composite grafts to replace the ascending aorta
may be a low-risk and successful operation when the platelet
preservation technique is applied. Previous studies have used
coronary artery bypass surgery with aprotinin to decrease
the rate of blood losses during both the intra-operative and
post-operative period (25,26). In the present study, axil-
lary arterial cannulation was used for all cases with aortic
dissection for easy initiation of antegrade cerebral perfusion
during circulatory arrest and to reduce the rate of cerebral
embolization compared with femoral cannulation. To decrease
myocardial oxygen demand and work in a bloodless field to
improve myocardial protection during surgery, del Nido blood
cardioplegic solution was perfused in an antegrade and retro-
grade, and the venting of the right upper pulmonary vein and
hypothermic circulatory arrest (20c) were used.

In the present case series, post-operative bleeding occurred
in 1 patient (5.5%) and this required re-exploration. A stroke
occurred in 1 patient (5.5%) and was managed medically.
However, Zehr et al (27) reported that 8 cases (4%) developed
bleeding that required re-exploration. In addition, Etz et al (4)
reported reopening surgery in 18.3% of the cases due to
bleeding. In the present study, cardiac arrest occurred during
anesthesia induction for all the cases with tamponade. They
were managed with rapid exploration by opening the lower part
of the sternum to evacuate the collected blood in the pericar-
dium to relieve the heart compression. No re-exploration due to
failure of the Bentall procedure was performed in the present
study. Bio glues as fibrin sealant material were used to secure
all sutures to decrease the risk of post-operative bleeding; this
was also reported in the study by Della Corte et al (28).

There have been concerns regarding the risks of hemor-
rhage owing to the traction on the aortic wall in the classic
Bentall procedure (22). Hagl et al (7) reported no technical
failures in their study and they proposed the Bentall proce-
dure, as a safe and durable technique with a low rate of
post-operative complications. Some of the patients in the study
by Hagl et al (7) required ensuing operations for aneurysms
located in different sites of the aorta.

A diligent post-operative follow-up is strongly recom-
mended for patients with disease of the ascending aorta (7). In
the present case series, the results were satisfactory following
the Bentall procedure. The results of the present study were in
accordance with those of the study by Yakut (23). None of the
patients succumbed due to the Bentall procedure.

The major limitations of the present study include the small,
single-group sample size, the lack of proper data and statistical
analysis (quantitative) and variables, the short-term duration of
the study, and short or missing post-operative follow-up data.

In conclusion, in accordance with previous studies (21-23),
the authors' experience confirmed that the Bentall procedure
is a life-saving surgery and it may even be associated with
no incident of mortality. Herein, 18 patients with aortic root
dissection and dilatation were treated with this procedure.
Raising the awareness of clinicians and the general popula-
tion as regards aortic dissection may aid in the early referral
of patients to specialized centers and may thus decrease the
overall mortality rate.
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